To evaluate the diagnosis and treatment decisions made in children and adolescents with an adnexal mass.
RESULTS:
One hundred eleven patients were included. The mean age of the patients was 10.265.6 years, ranging between 0 and 17 years. Ovarian masses were malignant in 28 patients (25.2%). Surgical therapy was applied in 83.1% of the benign masses and in 100% of the malignant masses. Oophorectomy was performed in 46.4% of the benign masses. The presence of a gynecologist was the only factor that significantly lowered the chance of oophorectomy in benign masses (odds ratio 0.14, 95% confidence interval 0.04-0.47). Papic et al's model had a sensitivity of 40.91% and a specificity of 100%.
CONCLUSION:
The malignancy rate among patients with adnexal masses in our cohort was one in four patients. Most patients with an adnexal mass were treated surgically, and oophorectomy was performed in almost half of the benign masses. The presence of a gynecologic surgeon protected against oophorectomy in benign cases. 
LEVEL OF EVIDENCE: II
O varian masses in children are uncommon, with an incidence of neoplastic ovarian masses estimated at 2.6 cases per 100,000 girls each year. 1 Previous studies have found that malignancy rates in ovarian neoplasms in children ranged between 3.7 and 23.5%, 2, 3 accounting for 1% of all female pediatric cancers. 1, 4 Although epithelial ovarian cancer is leading in the adult ovarian cancers, it only represents 1.9% of all childhood ovarian neoplasms. 5 Germ cell tumors and sex cord stromal tumors are more common among children with ovarian neoplasms and have a much better prognosis. 4 The majority of the ovarian masses in children are thus benign. In the past it was common practice to perform a single-sided oophorectomy in case of an ovarian mass or ovarian torsion in children. No surgeon wanted to risk the incomplete removal of a malignancy and torsed ovaries were already considered lost. Papic et al 6 report an increased rate of ovary-sparing procedures in recent years but also point out that too many unnecessary oophorectomies still are performed.
In this study, the diagnoses and treatments of patients with an adnexal mass who had presented at our academic hospital were evaluated. We aimed specifically at identification of preoperative factors that influenced the decision for an ovary-sparing procedure and related this to final histologic results.
MATERIALS AND METHODS
This was a retrospective cohort study. Patients were included in case they were diagnosed with or treated for an adnexal mass at the Radboud University Medical Center, Nijmegen, The Netherlands, a large university hospital, between January 1999 and October 2013. Patients were excluded in case they were older than 18 years of age at the day of their first consultation for an adnexal mass. Patients were identified using four different sources: the national registry of histopathology and cytopathology database, the registration codes for health insurance reimbursement (DBC/DOT-codes G16 and M16: benign and malignant ovarian pathology), and lists of patients kept by the pediatric surgery department and the gynecology department. There are no guidelines on the referral or treatment of these patients at our hospital. As a result of the retrospective design, no ethical approval was required for this study. Exception from ethical approval was confirmed by our institutional review board.
Data were extracted from electronic and paper hospital patient records, including imaging reports, laboratory results, operation records, pathology reports, and medical correspondence. The following data were collected: age at presentation, menarchal status, presenting signs and symptoms, laboratory results including tumor markers (alpha-fetoprotein, b-human chorionic gonadotropin, or lactate dehydrogenase), results from imaging examinations, type of surgery performed, and histologic diagnosis. Data were collected by the first author, after which data of 10% of the patients were validated by the last author. Database consistency was checked by drafting frequency and cross-tables; inconsistent data were rechecked in the original patient files.
Adnexal masses were divided in benign and malignant masses based on the histopathologic diagnosis. Benign masses could be nonneoplastic (including simple cysts, pseudocysts, paraovarian cysts, torsed or enlarged or other ovaries without histologic pathology) or neoplastic (including mature teratomas and cystadenomas). Simple cysts contained all follicular cysts and cysts described as "simple cyst" or "cyst" by the treating physician or pathologists without contradictory evidence stating otherwise at diagnoses or follow-up. The simple cysts group also includes patients with follicular cysts, which were not operated on and were therefore without histologic confirmation, but also without contradictory evidence. Malignant masses consisted of all malignant and borderline tumors, tumors with malignant potential such as partially immature teratomas, or masses that proved to be malignant in the clinical course over time.
We applied the set of criteria to predict a benign mass as reported by Papic et al 6 to our data set. Patients who satisfied the following criteria were selected: size of the mass less than 10 cm on ultrasonogram, no solid components on ultrasonogram, and no positive tumor markers (alpha-fetoprotein, b-1human chorionic gonadotropin, and lactate dehydrogenase). Although Papic et al used the preoperative mass size as well as mass size in surgery or histology, we used ultrasound measurements to determine the size and aspect of the mass, because this was better reported on imaging than during surgery or histology in the present data set.
Statistical analysis was performed using IBM SPSS 20.0. For analysis of continuous data we used independent-samples Mann-Whitney U tests for nonnormally distributed variables. Categorical data were analyzed using x 2 tests. In tables with one or more variables lower than 10, a Fisher's exact test was used instead of a x 2 test. Predictive factors were selected using uni-and multivariable binary logistic regression analyses. In the multivariable analysis, variables with a univariate P value of ,.25 were entered with a maximum of three to prevent overfitting of the model. Highly correlated variables were not entered in the same regression model. Reported P values are twosided and results were considered significant at P,.05.
RESULTS
In total 144 patients were identified, of which 29 were again excluded for not having an adnexal mass. In four patients, no medical records could be retrieved and they were therefore excluded, leaving 111 patients included for analysis. Age ranged from 0 days to 17 years with a mean age of 10.265.6 years at the time of their first consultation at our hospital. Fiftyeight (52.3%) patients were premenarchal.
The frequency of histologic subtypes of ovarian masses is shown in Table 1 . No difference was found in the age at presentation between patients with benign masses (9.865.9 years) and patients with malignant masses (11.664.4 years; P5.18).
Abdominal pain was the most frequent presenting symptom, present in 67 (60.4%) patients. Patients with a malignant mass were more likely to present with abdominal distension or a palpable mass in the abdomen (66.7% compared with 24.1%; P,.001 and 76.9% compared with 32.5%; P,.001). Sex hormonerelated symptoms were also more frequent in patients with a malignancy (28.6% compared with 6.0%; P5.003). The adnexal mass was an incidental finding in 11 patients with a benign mass and was found antenatally in 13 patients. All incidental findings were the result of imaging performed for other reasons such as diagnosis or follow-up of another condition. None of the incidentally or antenatally masses found were malignant.
Ultrasonography was performed in 99 (89.2%) patients, computed tomography (CT) scan was performed in 30 (27.0%) patients, and magnetic resonance imaging (MRI) was performed in 34 (30.6%) patients. One patient had both a CT scan and an MRI. The imaging techniques used are shown in Table 2 . Patients with a malignant mass were more likely to have had a CT scan or MRI compared with patients with a benign mass (82.1% compared with 48.2%; P5.002). Malignant masses had a greater diameter on preoperative ultrasonogram than did benign masses, and a solid mass was more likely than a cystic mass to be malignant (Table 2) . Surgery was performed in 69 patients (83.1%) with a benign mass and in 28 (100%) with a malignant mass. Eleven (15.9%) patients needed a second operation and three (4.3%) patients a third operation. In the further analysis only the first operation was included. A gynecologist was present at 51 (52.6%) of the operations. The presence of a gynecologist was strongly related to menarchal status and patient age, but not with laparoscopy, maximum diameter of the mass, or torsion (Table 3) .
A salpingo-oophorectomy or oophorectomy was performed in 56 (50.5%) patients; patients with a benign mass had a salpingo-oophorectomy in 32 (46.4%) cases. Cystectomy was performed in 32 (33.0%) patients; nine (9.3%) patients underwent other procedures such as aspiration, detorsion, tubectomy, or had a diagnostic laparoscopy without further surgery. Surgery was performed laparoscopically in 37 (53.6%) patients with a benign mass and in three (10.7%) patients with a malignant mass. Surgical staging was performed in 16 (57.1%) patients with a malignant mass.
Torsion was present in 29 patients of which 27 patients (93.1%) had a benign mass. Oophorectomy was performed in 16 torsed benign masses (55.1%) and both torsed malignant masses (100%). In seven cases of torsion (24.1%) no other ovarian pathology was found. Oophorectomy was less often performed in the last 5 years compared with previous years (30.0% compared with 79.9%; P5.017). Three patients presented with autoamputation of a torsed ovary. Twenty-three patients (79.3%) diagnosed with torsion presented with abdominal pain, of whom 13 (56.5%) had abdominal pain for less than 1 week.
To determine the factors associated with oophorectomy in benign cases, we calculated the risk of oophorectomy for multiple variables in the patients who had surgery for benign disease. The results of Data are mean6standard deviation or n (%) unless otherwise specified. Bold indicates data with a significant P value. Unauthorized reproduction of this article is prohibited.
univariate and multivariate regression analyses are shown in Table 4 . In univariate analysis, premenarchal status was associated with oophorectomy. The presence of a gynecologic surgeon was strongly associated with a reduced probability of oophorectomy. Presenting symptoms, maximum diameter of the mass, torsion, and use of laparoscopy had no significant influence on the probability of oophorectomy's being performed in benign masses. In the multivariate analysis, torsion and a maximum diameter greater than 6 cm were associated with a higher number of oophorectomies, whereas the presence of a gynecologic surgeon was again associated with a lower probability of oophorectomy (Table 4) . We applied the set of criteria found by Papic et al 6 to predict benign masses to the present data set. Of the 111 patients, ultrasound data were available for 84 (75.7%), of whom 66 had a benign mass (78.6%). Thirty-two patients had a mass less than 10 cm with no solid components, of which 27 had no positive tumor markers (alpha-fetoprotein, b-human chorionic gonadotropin, and lactate dehydrogenase). The sensitivity was 40.91% (95% confidence interval [CI] 29.0-53.7%) and the specificity was 100% (95% CI 81.3-100%). In this group, two laparotomies and seven oophorectomies (of which five were the result of torsion) might have been avoided in case the model had been applied preoperatively.
DISCUSSION
In this study we analyzed the diagnoses and surgical treatment of 111 pediatric patients with an adnexal mass. The final diagnosis was benign in 74.8% and malignant in 25.2%. Girls with benign masses underwent oophorectomy in almost half of the cases, and the probability of oophorectomy strongly decreased when a gynecologist was involved in the operation. Despite the retrospective design of this study, we managed to include more than 100 patients in this case series, which is a strength of this study. Most studies with comparable patient numbers have only included surgically treated patients, 2,7 whereas our study included all pediatric patients with an adnexal mass. Our strategy may reduce bias in this small population. On the other hand, the retrospective design inevitably causes inclusion bias and missing data. Patient inclusion was made as complete as possible by using multiple sources, but patients who did not undergo surgery might have been missed, because they were more difficult to identify. This means the real incidence of benign cysts is possibly higher than described, and the malignancy rate may be somewhat overestimated in our population.
Histologic patterns were overall consistent with the existing literature. The only exception was the higher incidence of granulosa cell tumors, which was 21% of all malignancies, whereas in previous studies, sex cord stromal tumors represent 5-8% of all malignancies. 4 Torsion was related to oophorectomy, which was also found in previous studies. 8, 9 Literature on saving the ovary, even when it appears to be necrotic, is available since 1993 including long-term follow-up. 10, 11 The oophorectomy rate may be significantly lowered when applying this knowledge in clinical daily practice.
The criteria as defined by Papic et al 6 to predict benign masses were developed based on data collected preoperatively as well as postoperatively. In the present study we performed external validation of the data in a preoperative setting. Although Papic excluded infants under the age of 1, we have included all age groups as well as paraovarian cysts and torsed ovaries. Negative scores on all of the criteria resulted in a 100% benign rate in the present population, which would have changed policy into a more sparing operation in seven cases. The sensitivity of this model however was only 41% (CI 29-54%), which indicates that there is still room for improvement of risk models.
Focusing on oophorectomy, we found that the presence of a gynecologic surgeon was significantly associated with a reduced probability of oophorectomy in benign masses (odds ratio 0.14), a finding that confirms the results of others. 8, 9 Fear for malignancy Unauthorized reproduction of this article is prohibited.
and a relative lack of experience with adnexal pathology of pediatric surgeons could be relevant factors. 12 With new insights in fertility in young women with a single ovary, and a trend toward ovary-sparing surgery in ovarian torsion, ovarian surgery in pediatric patients has become more conservative over the years. This trend has also been described in case series with single specific ovarian masses such as teratomas. 13 An unilateral oophorectomy does not sterilize the patient, but it could impair future fertility and future options in case of a contralateral ovarian problem.
14 Furthermore, van Dorp et al 15 showed that lower anti-mullerian hormone levels have been found in these patients after one-sided oophorectomy, which could indicate they have less ovarian reserve. There may however be a bias in our conclusion, because gynecologists may have been asked more often by the pediatric surgeon to assist in an intended ovary-sparing operation.
When reading the recent literature, our clinic seems to struggle with the same difficulties as other medical centers treating adnexal masses in children. 2, 5 In line with others and the data available from this study, we would recommend treatment in a multidisciplinary team when dealing with adnexal masses in children. The experience of pediatric surgeons with these young patients and the experience of gynecologists with adnexal pathology and minimal invasive surgery of the ovary should be combined.
In conclusion, the results from the present study may be regarded as one further step to assist pediatric surgeons and gynecologists in the improvement of their decision-making regarding adnexal masses in children and adolescents. Over the past 10 years, ovary-sparing surgery has increased. The criteria of Pavic et al reliably identify benign disease in approximately one third of patients with adnexal masses.
